, Fry (1986) , Back (1987) , Jouin et al.. (1988) , and Horn and Setterholm (1988 (Freudenberg and Neish, 1968; Higuchi, 1985 ;! have shown that the general molecular structure of lignin can be explained by one-electron oxidation of cinnamyl alcohols followed by non-enzymatic polymerization of the corresponding mesomeric free radicals. Fig. 1 shows the phenylpropane (C 6 -C 3 ) skeleton of the lignin monomers (M) and the structure of 4 of the most common linkages found in lignins. These structures have been established by in vitro peroxidase oxidation of mainly coniferyl alcohol ((a = Fig. 1 followed by isolation of dimers (dilignols), oligomers (oli-igolignols) and dehydropolymers (DHP model) . Model polymerization studies have also shown that the relative frequency of these intermonomeric linkages and, thus, the corresponding macromolecular structure of DHP changes according to polymerization conditions (Sarkanen, 1971) (Sarkanen, 1971; Higuchi, 1985) . Fig. 1 (Terashima and Fukushima, 1988) and in the case of angiosperms (Higuchi, 19135; Monties, 1985; Lapierre, 1986; Tollier et al., 1988; Terashima and Fukushima, 1988 (Wardrop, 1976) , as in the case of secondary metabolism (Terashima and Fukushima, 1988) . (Higuchi, 1983; Minor, 1982; Enoki et al., 1983) . Recently, using a selective depolymerization procedure, Takahashi and Koshijima (1988) (Higuchi, 1980) and gramineae lignins from wheat (Scalbert et al., 1985) and reed, Arundo sp. (Tai ef aL, 1987) . Ether linkages of phenolic acids have been tentatively implicated in the characteristic alkali solubility of grass lignins; however, free phenolic hydroxyl groups would also participate in this solubility (Lapierre et aL, 1989 (Whitmore, 1982) . Chemical bonds between lignin and protein have also been recently indicated during the differentiation of xylem in birch wood, Betula sp. (Eom et al., 1987 (Fig. 1 in the reticulation of the plant cell wall. Such reactivity is not unique, since phenol dimerization, by formation of diphenyl and of diarylether bonds, has also been reported for tyrosine during cell wall cross-linking processes (Fry, 1986) . Recently, similar reactions have also been suggested for tyramine in the phenolic fraction associated with suberin (Borg-Olivier and Monties, 1989 'press-drying' process (Back, 1987; Horn and Setterholm, 1988) .
In order to try to understand the general formation of phenolic networks by nonenzymatic pol'ymerization processes, selforganizing properties of lignin can be suggested. The self-organization concept comes from the general theory of systems. Self-organization accounts for the manner in which complex systems adapt to and increase their organization under the stimulation of random environmental factors.
This theory has been applied extensively to the growth of organisms and transmission of information (Atlan, 1972 Atlan (1972 Atlan ( , 1974 
